The luminal part of the seminiferous epithelium, a tissue compartment protected by the blood-testis barrier, has been considered a site of immune privilege. However, there are reports describing the production of anti-microbial peptides and the expression of Toll-like receptors in cells present in the seminiferous epithelium, evoking the possibility that this tissue compartment is immunologically active at least with regard to the innate immune response. To test this, we injected Escherichia coli into seminiferous tubules of live mice and examined the fate of bacteria, the production of chemokines and inflammatory cytokines, and the infiltration of neutrophils. The bacteria actively propagated and reached a maximal level in a day, but started to decrease after 5 days and completely disappeared in 2 months. The expression of macrophage inflammatory protein-2 and tumor necrosis factor-a became evident in macrophages present in the interstitial compartment of testes as early as 1-3 h after the inoculation of bacteria. Neutrophils first accumulated in the interstitial space at 9-12 h and entered the tubules after a day. On the other hand, impairment of spermatogenesis was observed a day after bacteria injection and seemed unrecoverable even after the bacteria were eliminated. By contrast, bacteria injected into the interstitial compartment were more rapidly cleared with no damage in the seminiferous epithelium. These results suggest the existence of immunity against invading microbes in the seminiferous epithelium although its effectiveness in maintaining tissue homeostasis remains equivocal.
Introduction
Mammalian spermatogenesis takes place in the luminal portion of seminiferous tubules, a tissue compartment protected by a permeability barrier across the epithelium and endothelium of the tubules. This barrier that is called the blood-testis barrier or the seminiferous epithelium barrier is composed of inter-Sertoli tight junctions and protects the seminiferous epithelium from invasion by molecules or cells that may perturb the process of spermatogenesis (Lui et al. 2003) . The blood-testis barrier, at the same time, needs to be temporarily lost at particular stages of spermatogenesis for the movement of germ cells across the inter-Sertoli junction (Lui et al. 2003 , Wang & Cheng 2007 . In addition, there are cytokines and chemicals that disrupt this barrier and increase permeability (Hew et al. 1993 , Wiebe et al. 2000 , Xia et al. 2005 . Furthermore, tight junctions become structurally and functionally deficient upon infection with some microbes (Guttman et al. 2006) . On the other hand, microbes may infect testes in a retrograde manner through the male excurrent ducts (Bhushan et al. 2008a) . These facts indicate that the seminiferous epithelium could be exposed to hazardous substances including microbial pathogens. In fact, previous studies showed that the introduction of bacteria into the epididymis (Demir et al. 2007) or the testis (Mukasa et al. 1995) causes orchitis.
Immunologically privileged sites that are exemplified by the brain (Carson et al. 2006) , the eye (Niederkorn 2007) , the testis (Fijak & Meinhardt 2006) , and the uterus (Hunt 2006) are organs or tissues where allografts are hardly rejected. Immunotolerance in the testis may be attributed to both physical and immunological factors; the blood-testis barrier limits the movement of immune cells, and the level of cytokines in the seminiferous epithelium is balanced toward a tolerogenic environment (Fijak & Meinhardt 2006) . In addition, Fas ligand-expressing Sertoli cells may induce apoptosis in Fas-expressing immune cells such as lymphocytes (Bellgrau et al. 1995 , Griffith et al. 1995 . On the other hand, there are indications of innate immune responses in the seminiferous epithelium. Sertoli cells, the only somatic cell type constituting the seminiferous epithelium, possess characteristics of immune cells: they phagocytose apoptotic spermatogenic cells (Nakanishi & Shiratsuchi 2004) ; express pattern recognition receptors such as Toll-like receptors (Riccioli et al. 2006 , Girling & Hedger 2007 , Palladino et al. 2007 , Wu et al. 2008 ; and produce anti-microbial proteins (Grandjean et al. 1997 , Lennartsson et al. 2005 , Sang et al. 2005 . Furthermore, the expression of Toll-like receptors in germ cells was recently reported (Bhushan et al. 2008b) . To directly examine the occurrence of immune responses in the seminiferous epithelium, we injected bacteria into the seminiferous tubules of live mice, and determined the fate of bacteria, the production of chemokines and inflammatory cytokines, and the infiltration of neutrophils.
Results

Propagation and eventual disappearance of Escherichia coli in seminiferous tubules
We first examined, if bacteria grow in the seminiferous epithelia. E. coli were injected into seminiferous tubules or the interstitial compartment of testes in live mice, and the level of viable bacteria in testes was determined in the following days (Fig. 1A) . The injected bacteria appeared to have actively propagated in seminiferous tubules and reached a maximal level within a day, and this level was maintained for the next 2 days. By contrast, bacteria injected into the interstitial space of testes did not seem to grow and had almost disappeared after 4 days (Fig. 1A) , indicating that immune cells existing in the interstitium eliminated the bacteria. To know if bacteria are removed when the initial number is smaller, varying numbers of E. coli were injected into seminiferous tubules, and the level of bacteria was determined after 3 days (Fig. 1B) . We found that even a small number of bacteria, as few as 10 cells per testis, grew in the testis, and the level of colony-forming bacteria on day 3 was almost the same between injections with 100 and a million bacteria, suggesting that immunity in the seminiferous epithelium, if it exists at all, is ineffective against invading bacteria unlike that in the interstitial space. The bacteria in seminiferous tubules gradually decreased afterward and had almost completely disappeared on day 56 (Fig. 1C) . It was, however, uncertain if the disappearance of once-growing bacteria at later stages was due to immune responses in the seminiferous epithelium.
Expression of macrophage inflammatory protein (Cxcl2) mRNA in macrophages present in interstitium
To examine the occurrence of immune responses, we analyzed the expression of chemokines and inflammatory cytokines in testes before and after the injection of E. coli. RNA was prepared from the whole testes and subjected to semi-quantitative RT-PCR, and the levels of all mRNA tested were found to increase as early as 1 h after the injection of bacteria into seminiferous tubules ( Fig. 2A) . However, the amount of mRNA of some proteins also increased when PBS alone was injected, and only the production of mRNA of Cxcl2 and tumor necrosis factor a (Tnf ) responded to the injection of bacteria (Fig. 2B) . We then determined the cell types that express Cxcl2 and Tnf in response to the invasion of bacteria. Testes were injected with E. coli at seminiferous tubules, sectioned after 3 h, and subjected to in situ hybridization. The signals from either mRNA were detected only in the interstitial space ( Fig. 3A and B) . The sections were then simultaneously analyzed by in situ hybridization and immunohistochemistry with antibody recognizing F4/80, a marker protein of macrophages, because the cells expressing the mRNA were unlikely Leydig cells.
We found that cells containing the signals derived from mRNA of both Cxcl2 and Tnf were also positive for the macrophage marker (Fig. 3C) . These results indicated that macrophages existing in the interstitium express Cxcl2 and Tnf in response to the injected E. coli. De et al. (1993) showed the existence of Tnf mRNA in both macrophages and spermatogenic cells of uninfected adult mice. The discrepancy between the two results could be due to a difference in the mouse strains or experimental procedures adopted in the studies. Accumulation of neutrophils in testes after the injection of E. coli
The expression of the chemokine Cxcl2 upon the injection of bacteria suggested the accumulation of immune cells in the seminiferous epithelium. To examine this, we immunochemically analyzed sections of testes for the presence of neutrophils. The accumulation of neutrophils in the interstitium was evident 9-12 h after the injection of E. coli into seminiferous tubules ( Fig. 4A and B) . This was not observed in the uninjected collateral testes (Fig. 4B ) or in the testes that received the injection with PBS alone (Fig. 4C ). These results indicated that neutrophils migrated toward the site of Cxcl2 expression. Neutrophil accumulation occurred earlier when bacteria were inoculated into the interstitial space (Fig. 4B ). Furthermore, neutrophils became detectable within seminiferous tubules after a day or two (Fig. 4A and D) , and this did not occur in the testes where bacteria were injected into the interstitial space ( Fig. 4D ). The inoculation of dead E. coli or lipopolysaccharide (LPS) into seminiferous tubules caused neutrophil accumulation in the interstitial space (data not shown), but those neutrophils never entered the tubules (Fig. 4E ).
We found that E. coli and neutrophils partly coexisted within seminiferous tubules ( Fig. 4F ), suggesting the occurrence of phagocytosis of the injected bacteria by infiltrating neutrophils.
Impairment of seminiferous epithelium after bacterial injection
We next determined cytological changes of the seminiferous epithelium after the inoculation of bacteria. A day after the injection, the concentric lining of spermatogenic cells was found to be irregular with a decrease in cell number when cross-sections of seminiferous tubules were examined ( Fig. 5A ), and most seminiferous tubules seemed to have been morphologically impaired within 2 days ( Fig. 5B) . Disruption of the inter-Sertoli tight junction seemed likely at later stages ( Fig. 5A ), which probably allowed neutrophils that had accumulated in the interstitial space to enter seminiferous tubules ( Fig. 4A and D) . By contrast, impairment of the seminiferous epithelium was not evident in testes where bacteria were injected into the interstitium (Fig. 5B ) or in the uninjected collateral testes of mice that had received the injection at seminiferous tubules ( Fig. 5B and C) . In addition, the injection of either dead bacteria or LPS into seminiferous tubules did not severely damage the seminiferous epithelium (Fig. 5C ). These results indicated that bacteria not only propagated in seminiferous tubules but also damaged the seminiferous epithelium. The testes increased in weight soon after the injection, but their weight gradually decreased thereafter and was less than that of the control after 40 days (Fig. 5D ). The seminiferous epithelium did not seem to have recovered from the damage even after bacteria were eliminated (Fig. 5E ).
Figure 3 Presence of mRNA of Cxcl2 and Tnf in macrophages in E. coliinjected testes. One million (A and B) or trillion (C) E. coli were injected into seminiferous tubules of live mice. The testes after 3 h together with testes with no injection (none) were subjected to in situ hybridization with antisense or sense probes containing the sequences of mRNA of Cxcl2 (A) and Tnf (B). The hybridization signals are seen in dark blue, and counter-stained nuclei are stained light blue. In C, the sections were simultaneously analyzed for the macrophage marker protein F4/80 (seen in brown), and panels on the right are magnified views of F4/80-positive cells in the corresponding left panels. Three to five testes were used in each experiment, and data are representative of at least three independent experiments that yielded similar results. Scale bars represent 100 mm.
Discussion
Compared with urethritis or epididymo-orchitis, the development of orchitis is rare. This is presumably due to immunity that combats against invading bacteria in the seminiferous epithelium. Results from the present study showed that immune reactions are evoked in response to bacteria inoculated into the seminiferous epithelium, evidenced by the production of chemokines and inflammatory cytokines, and the subsequent infiltration of neutrophils into the interstitial compartment of testes. However, such responses seemed not to be enough to eliminate the bacteria before they damage spermatogenesis, probably due to inter-Sertoli tight junctions that prevent immune cells from entering the tubules. Bacteria that had grown in the seminiferous epithelium were eventually removed after the morphology of the tubules was destroyed, which probably allowed immune cells, such as neutrophils, to come close and phagocytose the bacteria. As a result, the development of a systemic infection was prevented although the machinery for sperm production was impaired. By contrast, bacteria injected into the interstitial space were rapidly removed without damage in the seminiferous epithelium. This indicates the level of immune response to be higher in the interstitial compartment of testes than in the seminiferous epithelium. The bottom line is that immunity in the seminiferous epithelium is not effective enough to preclude damage in the testis caused by invading bacteria. The mRNAs of the chemokine Cxcl2 and the inflammatory cytokine Tnf were produced in macrophages present in the interstitial space in response to the injection of bacteria into the seminiferous epithelium. It is not known at the present time how the expression of these mRNAs is induced in macrophages present apart from the injected bacteria. We speculate that cells within the seminiferous epithelium secrete, in response to bacteria, factors that trigger macrophages to express Cxcl2 and Tnf. Another possibility is that bacteria escape from the seminiferous epithelium and are recognized by macrophages in the interstitial space. Inter-Sertoli tight junctions open temporarily during the spermatogenic cycle (Lui et al. 2003 , Wang & Cheng 2007 , and therefore bacteria may leave even before the seminiferous tubules are damaged. The latter possibility Figure 5 Histological changes of testes after injection with E. coli. One million E. coli were injected into seminiferous tubules (A, C and E, and open circles in B and D) or the interstitial compartment (closed circles in B) of testes in live mice. In C, dead E. coli (one million) or LPS (20 mg) was injected into seminiferous tubules. The testes were analyzed for changes in morphology (A, B, C, and E) and weight (D) at the indicated time points (on day 3 in C and day 56 in E). In A, the arrowheads denote the appearance of vacuoles (day 1) and the accumulation of E. coli (day 2). The data with the symbol '!' in B and D are results from the analysis of the uninjected collateral testes of mice that had received bacteria injection at seminiferous tubules. The data from numerical analyses are expressed as the meanGS.D. (nZ3 in B and nZ3-9 in D). Scale bars represent 100 mm.
is, however, less likely because macrophages expressing the mRNA of the chemokine and cytokine were not always localized near the seminiferous tubules at certain spermatogenic stages (stage VIII for the mouse) when the inter-Sertoli tight junction is physiologically lost (data not shown). In response to the inoculated bacteria, neutrophils first accumulated in the interstitial space and then entered the seminiferous epithelium after interSertoli tight junctions were lost. CXCL2 is most probably responsible for the infiltration of neutrophils because the injection of PBS alone, which induced mRNA expression of another chemokine KC (Cxcl1: chemokine (c-x-c motif) ligand 1), was not followed by the accumulation of neutrophils. Although TNF is presumed to act as a pro-inflammatory cytokine, we anticipate another role for this cytokine. The most prominent damage in testes was the appearance of vacuoles in seminiferous tubules. This could be caused by TNF, which has been known to weaken ectoplasmic specialization (Siu et al. 2003 , Lui & Cheng 2007 . Neutrophils that had accumulated in the interstitial space did not instantly enter morphologically impaired seminiferous tubules. This suggests the existence of another mechanism for the regulation of the movement of immune cells in the testis, in addition to a physical barrier of the inter-Sertoli tight junctions. Neutrophils that express Fas (Iwai et al. 1994 ) may be induced to undergo apoptosis when they touch Fas ligand-expressing Sertoli cells (Bellgrau et al. 1995 , Griffith et al. 1995 .
It is uncertain at present how E. coli impairs the seminiferous epithelium. Previous studies described negative effects of E. coli on the function and viability of isolated testicular cells including germ cells, Sertoli cells, and peritubular cells (Sanocka-Maciejewska et al. 2005 , Fraczek et al. 2007 , Bhushan et al. 2008b . The growth of E. coli within seminiferous tubules seemed to be required for their inhibitory actions because the inoculation of dead E. coli did not have a devastating effect on the seminiferous epithelium. In some infectious diseases, excessive immune responses of host organisms may explain or enhance the pathogenicity. In fact, the injection of LPS, a ligand for Toll-like receptor 4 to induce an inflammatory response, into the peritoneal cavity of the mouse results in a temporal inhibition of sperm production (Gow et al. 2001 , Gerdprasert et al. 2002 . However, in our study LPS only marginally affected spermatogenesis when injected into the seminiferous tubules. This suggests that LPS-caused inflammatory process plays little role in the E. coli-induced impairment of the seminiferous epithelium.
In summary, the present study suggests the presence of immunity in the seminiferous epithelium. However, its effectiveness is questionable in terms of the prevention of defects in sperm production, and cell types that participate in this immunity remain to be determined. Further work is necessary to solve these issues.
Materials and Methods
Animals and injection of bacteria
All experiments involving animals were conducted according to protocols that had been approved by the Animal Ethics Committees of Kanazawa University. Male ddY mice (10-20-week-old, weighing 36-51 g; Nihon SLC, Shizuoka, Japan) were used throughout the study. They were housed at 22-25 8C under 12 h light:12 h darkness cycle with free access to water and food. E. coli strain W3110 (provided by Dr Kazuhisa Sekimizu, Graduate School of Pharmaceutical Sciences, the University of Tokyo), a derivative of the non-pathogenic intestinal E. coli strain K-12 isolated from human feces, was used throughout this study. Although E. coli is a main pathogen of infection-based infertility, this particular strain has thus far not been found to be associated with male infertility. The bacteria grown with Luria broth were harvested at the logarithmic phase by centrifugation, washed twice with PBS, and suspended with PBS. E. coli that had been incubated with 4% (w/v) paraformaldehyde at 4 8C for 10 h with gentle agitation was used as dead bacteria. The bacteria-suspension (about 20 ml), which was supplemented with 0.05% (w/v) Trypan blue to monitor the distribution of the injected materials in seminiferous tubules, was injected into seminiferous tubules from the efferent duct using a glass needle as described previously (Maeda et al. 2002 , Nakagawa et al. 2005 , Nagaosa et al. 2007 ). LPS obtained from E. coli O111:B4 (catalogue # L-2630, Sigma-Aldrich) was similarly injected into seminiferous tubules. An injection was considered to be successful when O40% of the testis was stained blue shortly after the injection without leakage of the fluid into the interstitial space. The same materials were also introduced into the interstitial space of testes from tunica vaginalis using a 27-gauge needle. The mice were maintained as described above until examination of the testes.
Histochemistry
Mice were killed by cervical dislocation, and the testes were collected. For in situ hybridization, testes were successively incubated with 4% paraformaldehyde in PBS, 10% (w/v) sucrose in PBS, and 20% sucrose in PBS for fixation before being embedded in OCT compound (Sakura Finetechnical Co. Ltd, Tokyo, Japan). For the other experiments, testes were immersed in Bouin's solution, 70% (v/v) ethanol, 100% ethanol, and xylene for fixation before being embedded in paraffin. Sections (10 mm thick for in situ hybridization and 5 mm thick for the other experiments) were prepared and processed as described below. To examine morphological changes of testes, the sections were stained with Mayer's hematoxylin (Wako Pure Chemical Industries Ltd, Osaka, Japan) and eosin (Merck KGaA) for visualizing nuclei and the cytosolic area, dehydrated, covered with Entellan New (Merck KGaA), and examined by microscopy. The histology of crosssections of seminiferous tubules was examined, and those with vacuoles of O100 mm 2 besides the lumen, occupied by injected bacteria, or with spermatogenic cells distributed non-concentrically were counted as being deteriorated or damaged. For the immunohistochemical detection of Gr-1, a marker for neutrophils, the sections were incubated with PBS containing 0.3% (v/v) Triton X-100 for membrane permeabilization, immersed in methanol containing 0.3% (w/v) H 2 O 2 to inactivate endogenous peroxidase, and treated with 10% (v/v) fetal bovine serum for blocking. The samples were reacted first with anti-mouse Gr-1 rat MAB (BD Biosciences, San Jose, CA, USA), then with biotin-conjugated anti-rat immunoglobulin G goat polyclonal antibody (Vector Laboratories, Burlingame, CA, USA), and incubated with peroxidaseconjugated streptavidin (Amersham Biosciences). They were subjected to a coloring reaction containing 3, 3 0 -diaminobenzidine tetrahydrochloride, counterstained with Mayer's hematoxylin, dehydrated, covered with Entellan New, and finally examined by microscopy. For the simultaneous detection of Gr-1 and E. coli proteins, the sections that had been treated with anti-Gr-1 antibody and a biotin-conjugated secondary antibody were further incubated with anti-E. coli rabbit polyclonal antibody (Virostat, Portland, ME, USA), then with Alexafluoro 546-conjugated streptavidin (Invitrogen Corporation) and FITC-conjugated anti-rabbit immunoglobulin G goat polyclonal antibody (Vector Laboratories). The samples were covered with 10 mM Tris-HCl (pH 8.8) containing 50% (v/v) glycerol and 0.5% (v/v) 2-mercaptoethanol and examined by microscopy. In situ detection of mRNA of Cxcl2 and Tnf in the sections was carried out using RNA probes, as previously described (Nagaosa et al. 2002) . DNA corresponding to a part of the mRNA of mouse Cxcl2 or mouse Tnf (cDNA of mouse Tnf was provided by Dr Naofumi Mukaida of Cancer Research Institute, Kanazawa University) was inserted into the vector pBluescript II SKC (Stratagene, La Jolla, CA, USA) and used as a template for the synthesis of probes. RNA probes with both antisense and sense sequences were synthesized in vitro in the presence of digoxigenin-labeled UTP (Dig RNA Labeling Kit; Roche Diagnostics) and dissolved in hybridization buffer consisting of 20 mM Tris-HCl (pH 8), 2.5 mM EDTA, 0.3 M NaCl, 10% (w/v) dexstran sulfate, 1! Denhardt solution, 1 mg/ml of yeast RNA, and 50% (v/v) formamide. The sections were treated successively with 0.3% Triton X-100, proteinase K (1 mg/ml), and 4% paraformaldehyde. They were then incubated with hybridization buffer containing the RNA probe incubated at 60 8C (for Cxcl2) or 70 8C (for Tnf ) for 16 h, treated with RNase A to remove free RNA probe, and supplemented with alkaline phosphatase-conjugated antidigoxigenin sheep polyclonal antibody (Roche Diagnostics). The samples were subjected to a coloring reaction with nitro blue tetrazolium (Roche Diagnostics) and 5-bromo-4-chloro-3-indolylphosphate, 4-toluidine salt (Roche Diagnostics) for visualization of the hybridization signals. They were finally counterstained with methyl green, dehydrated, covered with Entellan New, and examined by microscopy. For simultaneously detecting the hybridization signals and F4/80, a marker for macrophages, the sections were treated with Triton X-100 for membrane permeabilization, immersed in PBS containing 3% H 2 O 2 to inactivate endogenous peroxidase, and incubated with 5% swine serum for blocking. They were then reacted with anti-mouse F4/80 rat MAB (AbD Serotec, Raleigh, NC, USA) and subsequently processed as done for the detection of Gr-1. After visualization of the signal derived from F4/80, in situ hybridization was performed as described above.
To determine the degree to which seminiferous tubules were either damaged or infiltrated with neutrophils, 100 crosssections of the tubules randomly chosen from each tissue section of four that had been prepared from one testis and cytohistochemically processed were examined, and positive cross-sections were enumerated. The values obtained with four tissue sections were averaged, and the mean and S.D. were calculated from results obtained with three testes. For determining the extent to which the interstitial space was infiltrated by neutrophils, more than 100 cells present in the interstitial space with one microscopic view were examined for the ratio of neutrophils. The values obtained with three microscopic views for each tissue section out of four that had been prepared from one testis and immunohistochemically processed were averaged, and the mean and S.D. were calculated from results obtained with three testes.
RT-PCR
Semi-quantitative RT-PCR was conducted essentially as described previously (Chomczynski & Sacchi 1987 , Nagaosa et al. 2003 . In brief, total RNA extracted from 3-5 whole testes was used as a template in RT reactions with ReverTra Ace (Toyobo Co. Ltd, Osaka, Japan) and oligo d(T) as a primer, and the resulting cDNA was then used as a template The amount of cDNA template (in volume) used in PCR is indicated. One ml corresponds to one 600th of cDNA obtained from a testis. in PCR to amplify the sequences of mRNA of Cxcl2, Cxcl1, Tnf, Il1a, Il1b, and Actb using Go Taq DNA polymerase (Promega). We verified the annealing temperature, the number of DNA synthesis cycles, and the amount of cDNA template so that DNA was amplified at the exponential phase. We eventually found that amplification of the DNA sequences corresponding to all the mRNAs analyzed can be done at the exponential phase with the same annealing temperature and amplification cycles by varying the amounts of cDNA in each reaction (Table 1) . Reaction mixtures were heated at 95 8C for 2 min and subsequently subjected to 25 cycles of amplification with consecutive incubation at 95 8C for 0.5 min, at 60 8C for 0.5 min, and at 72 8C for 1 min. Nucleotide sequences of the primers and other information regarding PCR are described in Table 1 . The amplified DNA was separated by 6% (w/v) PAGE, stained with ethidium bromide, and visualized using Gel Doc (Bio-Rad Laboratories). The intensity of the signals was determined using Molecular Analyst (Bio-Rad Laboratories) and normalized to that of the signal for Actb mRNA.
Assay for colony-forming ability of bacteria
Homogenates of testes were plated at serial dilutions on agarsolidified Luria broth containing X-gal, and the plates were incubated at 37 8C for 10-16 h. The plates containing 100-2000 colonies were subjected to the enumeration of blue colonies, and the number of blue colonies per testis was calculated. The meanGS.D. of results obtained with 3-5 testes were presented.
Data processing and statistical analysis
Data from quantitative analyses are expressed as the meanGS.D. (nR3). Statistical analyses were performed using Student's t-test, and P values !0.05 were considered significant. The data significantly different from controls are marked with asterisks.
Declaration of interest
There is no conflict of interest.
Funding
This study was supported by the Grant-in-Aid for Scientific Research from Japan Society for the Promotion of Science (grant number 18791116), an institutional research grant of Kanazawa University, and grants from Takeda Science Foundation and Kurita Water and Environment Foundation.
